We conducted a study to determine whether vestibular nerves in patients with unilateral Meniere's disease whose symptoms are refractory to medical management exhibit neuropathologic changes. We also endeavored to determine whether retrocochlear abnormalities are primary or seconda ryfa ctors in the disease process. To these ends, we obtained vestibular nerve segmentsfro m five pati ents during retrosigmoid (posteriorfoss a) neurectomy, immediately fixe d them, and processed them f or light and electron microscopy. We fo und that all five segments exhibited moderate to severe demyelination with axonal spa ring. Moreover, we noted that reactive astrocytes produced an extensive proliferation offibrous processes and that the microglia assumed a phagocytic role. We conclude that the possible etiologies of demyelination include viral and/or immune-mediated fa ctors similar to those seen in other demyelinating diseases, such as multiple sclerosis and Guillain-Barre syndrom e. Our findings suggest that some forms of Meniere 's disease that are refra ctory to traditional medical management might be the result of retrocochlear pathology that affec ts the neuroglial portion of the vestibular nerve.
Introduction
Meniere' s disease is a debilitating inner ear disord er that is characterized by episodic vertigo , fluctuating progressive sensorineural hearin g loss (SNHL), tinnitus, and aural fullne ss. 1 Both cochlear and vestibular form s of the disease have been recognized.' Possible etiologies include viral , allergic, genetic, vascular, and nutritional factors; altered glycoprotein metaboli sm; exce ssive endo-lymph production; immun e-medi ated factors; and combinations of any of the above. ' Many patient s with Meniere ' s disease are responsive to traditi onal medical management with a diuretic, a lowsalt diet , and/or a vestibul ar suppress ant. Patients who do not respond to these therapies can be treated with alternate medications, including an oral steroid, a transtympanic steroid or gentamicin, or systemic methotrexate.' Surgery is reserved for patients who still do not respond ; surgical procedures include endolymphatic sac decompression, vestibular neurectomy, or labyrinthectomy. The choice of procedure depend s largely on the status of the patient' s hearing.
Researchers have examined the excised portion s of vestibular nerve s obtain ed from patients with a variety of cochleove stibul ar disorders , including Menie re' s disease, in several previous studies. Some of these authors have prop osed that demy elination and axonal changes are underlying factor s in the etiology of Meniere' s disease.>'? Howev er, others have regarded micro scopic changes in the vestibular nerve as nonspe cific, incon sistent, or insufficient to account for the reduc ed vestibular function , and, therefore , they con side r these changes to be unrelated to symptoms and the dise ase proce ss. [10] [11] [12] [13] [14] In this article, we describe a study that we undertook to assess the type and extent of pathologic changes that occur in the vestibular nerve in patients with unilate ral Meniere' s disease whose symptoms are refractory to medical man agement. We also endeavored to determine wheth er these abnormalities are primary or secondary factors in the disease process.
Materials and methods
Our study group was made up of five patients-three women and two men, aged 39 to 76 years, all white-who underw ent retro sigmoid vestibular neurectom y for the treatment of intractable Menier e' s disease at the Medi cal Coll ege of Virginia Hospital s at Virgini a Commonwealth University. The diagnosis of Meniere ' s dise ase had been made on the basis of symptoms of episodic vertigo of at least 20 minutes' duration, fluctuating hearing loss, tinnitus, and aural fullne ss. The diagnosis was supported by standard testing, including audiometry, electronystagmography, and electrocochle ography .
All patients had been unresponsive to medical mana gement with tradit ional therapies, including a pota ssiumsparing diuretic, a low-salt diet , and/or a vestibular suppressant. All had also not responded to at least one cour se of a high-do se oral steroid ( I mg/kg/day) for 2 weeks. Findin gs on magnetic resonance imaging were normal in all patients. One patient underwent a We stern blot test for antibody to the 68-kD inner ear protein, " and the result was negative. Another patient was diagnosed with concomitant ulcerative colitis.
Retrosigmoid vestibul ar neurectomy was performed on all patients, and a 2-to 3-mm seg ment of the vestibular nerve was removed from the cerebellopontine angle. Within 2 minut es of excisio n, the spec imens were placed on pieces of Teflon-coated gauze and immersed in a fixative solution containing 4% paraformaldehyde and 0.5% purified glutaraldehyde in 0.1 M phosphate buffer (pH: 7.2). Specimens rema ined in the fixative solution for 12 to 18 hours at 4 0 C and then washed in phosphate buffer and trimmed to l-mm segments. The segments were postfixed in I % osmium tetroxide in 0.1 M phosphate buffer for 4 hours , washed in 0.05 M maleate buffer, and stained en bloc in 2% uranyl acetate in 0.05 M maleate buffer for 2 hour s, all at 4 0 C with constant agitation. Segment s were then dehydrated in meth anol and prop y-786 lene oxide and emb edded in an epoxy resin. Semithin (l to 2 urn) sections were cut with glass knives on an ultramicrotome and stained with toluidine blue and basic fuchsin for light microscopic examination with brightfield and differential interference contrast optic s. Ultrathin (60 to 80 nm) sections were cut with a diamond knife on the ultramicrotome, collected on Formvar-coated single-slot grids, stained sequentially with 4% uranyl acetate and I % lead citrate, and examined and photographed through an electron microscope.
Results
Light microscopic examination revealed a wide variation among the five vestibular nerves in the number, density, and size of myelin ated axons. A charac teristic feature of all nerves was the irregula r appearance of the myelin (e.g., blebs and whorls) associated with medium-and largediameter axons (figures 1, A, and 1, B) . The number of axons that exhibited myelin abnormalities varied among the specimens. Smaller-diameter myelinated axons appeared to be unaffect ed. All five nerve seg ments also exhibited pale areas of fibrosis, in which the density of myelin ated axons was reduced substantially (figure 1, C). In one specimen (taken from a 45-yea r-old woman), a large region of the vestibular nerve displayed extensive fibrosis that coexisted with numerou s amyloid bodies (corpora amylacea) ( figure I , C) . The extent of these abnormalities, however, did not appear to be correl ated with the clinical symptoms because all five patients had a history of frequent and severe episodes of vertigo. On electron microscopy, distinct abnormalities were observed in the myelination ofaxons with the vestibular nerves; the most common abnormalities were cleavage, splitting, and fragmentation of the myelin lamellae (figures 2, A, and 2, B). Many axons displayed concentric zones of inner pale and outer dark myelin (figure 2, A-C). Active demyelination was indicatedby the association of fragmented myelinated axons with spongy phagocytes (figure 2, B) . In some instances, attempted remyelination was suggested by the formation of a secondary thin myelin sheath around an axon that had abnormal myelin ( figure 2, D) . The possibility that these changes might be attributable to fixation artifact was minimized by the observation that apparently normal myelinated axons were present in the vicinity of the abnormal axons .
The pale areas of fibrosis that were observed on light microscopy corresponded to regions of active demyelination, as indicated by accumulations of myel in debri s and the presence of large-diameter axons that were devoid of myelin sheaths (figu re 3). A massive proliferation of fibrous astrocytic processes accompanied by reactive microglia (figure 4, A)-many of which displayed a phagocytic role ( figure 4, B) -and amyloid bodies occupied regions of the nerves that were characterized by an Volume 81, Number 11 absence ofaxons. Although a few immune-related cells were observed within the vasculature in the vicinity of the fibrotic regions, inflammatory cells generally were absent within the nerve matrix.
Discussion
Our most significant findings were (l) disruption and fragmentation of myelin, (2) demyelination with axon sparing, (3) phagocytosis of myelin debris and other degenerating elements by reactive microglia, and (4) proliferation offibrous astrocytic processes. Authors of several previous studies attributed changes in the vestibular nerve (e.g., the difference in the number or density of abnormal myelinated axons compared with those of normal axons) as unrelated to any reduced vestibular function in most patients.":" However, in some patients, degenerative changes in the vestibular nerve (including demyelination) have been regarded as causal factors in vestibular dysfunction. 7-11 ,16-18 Although we cannot exclude the possibility of a primary process involving the peripheral vestibular neuroepithelial cells, our findings-particularly our finding of demyelination with axon sparing-are highly suggestive of an active primary demyelinating disease process that might be of immunemediated origin. The use of cadaveric vestibular nerves as controls was felt to be inadequate because of the immediate postmortem neuronal changes.
Vertigo and SNHL are two common symptoms of Meniere's disease. SNHL has become recognized as a frequent manifestation of immune-mediated diseases. Both clinical and laboratory studies have demonstrated that inner ear structures can be affected either (1) indirectly by elevations of circulating serum immune complexes precipitated by generalized systemic disease or (2) directly by the presence ofspecific autoantibodies against sensorineural structures.P:" The incidence of immunemediated Meniere's disease has been estimated to be between 10 and 50 %, based on the presence of circulating immune factors and responsiveness to immunotherapy. 23.24 Lymphocyte transformation and lymphocyte migration inhibition indices are elevated in some patients with Meniere's disease who are responsive to steroid thera-pyY-27 However, a significant number of patients with Meniere's disease are unresponsive to steroid treatment, which suggests that a different mechanism such as retro-patients who do not respond to traditional treatment with a diuretic, a low-salt diet, and/or a stero id. Immun emediated processes should be considere d in such cases, and patients might benefit from megadoses of an intravenous steroid for the management of autoimmune optic neuropathy," optic neuritis.t' -" and MS . 4 8-50 In conclus ion, the findings of our study sugges t that some forms of Meniere's disease that are refrac tory to tradi tiona l medical management might be the result of cochlear involvement might be implicated in the pathogenesis of this disorder.
Certain dem yelin ating neurologic diseases, many of which have an immunologic basis, result in retrocochlear hearin g deficits as a result of the involvem ent of the vestibulocochlear nerve and/or the brainstem auditory pathways. Although sudden hearing loss is uncomm on, it can be the initial symptom of multiple sclerosis (MS) .28-34 Both the 70-kDa and 27-kDa heat shock proteins have been isolated in MS lesions. These proteins might play a role not only in the protection and regeneration ofaxons, but also as additional targets of the immune response; they might also contribute to the progression of the disease process." A significant percentage of patient s with MS exhibit abnor ma l audi tory br ain stem responses.f -" Demyelination with axon sparing that is virtually indistinguishable from that observed in our study has been produced in experimental allergic encephalomyelitis (an animal model of MS) and correlated with prolonged latencies and interpeak intervals of the auditory brainstem responses ." Progressive SNHL of retrocochlear origin has also been assoc iated with peripheral neuropathy.9,39 In addit ion, retrocochlear abnormalities, including degenerative axona l changes, have been observed in the vestibular nerves of some patients with Meniere' s disease.5· 10. 16,40,4 1 Observations have also been made of prolonged wave I latencies of auditory brainstem responses attributable to nerve co nduction block that occurred as a result of demyelination in pat ients with Gu ill ain -B arre sy ndrorne." Recent findings indicate that many patients with Meniere' s disease have anti-sulfated glucuronyl glycolipid (SGGL) serum antibodies . Overall, SGGL antibodies are present in 64% of patients suspected of having immune-m ediated SN HL, compare d with only 7% of control subjects." Furthermore, SGGLs are also prese nt in the human vesti bular labyrinth, endolymphatic sac, and vestibuloco chlear nerve."
Our findings sugges t the possibility that primary vestibular neuropathy is prese nt in some Meniere 's disease retrocochlear pathology that affects the neuro glial portion of the vestibul ar nerve. We found demyelination with axon sparing in our patient s, which is indicative of a primary active disease process. Possible etiologies of the demyelination include viral and/or immun e-m ediated factors similar to those seen in oth er demyelinating diseases, such as MS and Guill ain-Barre syndrome.
